A new synthetic method for dimethyl 2,3-dihydrobenzo[b]oxepine-2,4-dicarboxylates and methyl 2-(2-carbomethoxybenzo[b]furan-3-yl)propanoates by an intramolecular conjugate displacement reaction or an S N 2 reaction of acetates of Morita-Baylis-Hillman adducts of methyl (2-formylphenoxy)acetates has been described.
Introduction
Medium-sized oxacycles, 1-benzoxepine 1 and 2-benzoxepine 2 are important structural units present in numerous biologically active molecules.
3 Especially 2,3-dihydro-1-benzoxepines were investigated in order to develop orally active CCR5 antagonists as a novel scaffold. 4 The several synthetic methods towards 2,3-dihydro-1-benzoxepines include ring-closing metathesis (RCM) of bis-olefins, 5 RCM of titanium-carbene complexes of diphenyl thioacetals having a carbon-carbon double bond, 6 Wittig reaction of carboethoxycyclopropyltriphenylphosphonium fluoroborate with salicylaldehyde, 7 Dieckmann condensation of diester of salicylic acid, 8 Claisen-type condensation of o-formylphenoxybutyrate, 9 palladium-catalyzed [5+2] annulations from 2-aroylmethoxyboronic acid and alkyne, 10 and palladiumcatalyzed intramolecular carboesterification of 3-(2-allyloxyphenyl)propiolic acid.
11
Also, benzofuran-2-carboxylates, benzofuran-3-yl-acetates and their derivatives display interesting physiological activities and have found potential therapeutic applications.
12 In addition, these were used to develop organic nonlinear optical cyan dyes for electro-optic devices. 13 The substituted benzofuran-2-carboxylates were prepared by the reaction of the appropriate salicylaldehyde with alkyl haloacetate in anhydrous dimethylformamide (DMF) at 130°C in the presence of potassium carbonate 14 (Equation 1). Benzofuran-3-yl-acetic acid derivatives were prepared by an baseassisted ring-opening and ring-closing process of 4-chloromethyl-2H-chromen-2-ones, which were readily obtained from the reaction of ethyl 4-chloroacetoacetate with phenols in acidic conditions.
15
The Morita-Baylis-Hillman (MBH) reaction 16 has attracted attention of organic chemists in recent years. This reaction provides synthetically useful multifunctional molecules which have been employed in various heterocycles syntheses. Among them MBH adducts of salicylaldehydes or Obenzyl-protected salicylaldehydes with acrylic acid esters or cycloalkenones were successfully used for the syntheses of 3-substituted coumarins, 17 tetrahydroxanthenones, 18 and 2-oxo-2,3-dihydrobenzo [b] oxepines. 19 During the continuing efforts for the development of MBH chemistry, 20 we envisioned that we could synthesize the 2,3-dihydrobenzo [b] oxepines 5 and benzo [b] furan derivatives 9 from the acetates of MBH adducts of methyl (2-formylphenoxy)acetates 2 via an intramolecular conjugate displacement (ICD) reaction 21 or S N 2 mechanism, respectively, as shown in Scheme 1.
Results and Discussion
The required key starting material methyl (2-formylphenoxy)acetates 2 were prepared by the reaction of salicylaldehydes 1 with methyl chloroacetate in the presence of anhydrous K 2 CO 3 in DMF at room temperature in 63-94% yields following the earlier procedure.
22 The MBH reaction of 2 with methyl acrylate, 1,4-diazabicyclo[2,2,2]octane (DABCO), and triethanolamine without solvent at room temperature produced the MBH adducts 3 in 42-72% yields. The acetylation of 3 with acetic anhydride in the presence of N,N-dimethylaminopyridine (DMAP) in dichloromethane at room temperature gave MBH acetates 4 in 90-97% yields. With the substrate 4a we examined the ICD reaction under the basic conditions (Table 1) . When we first tried to cyclize 4a to 5a, we used LDA in THF, but obtained a complex mixture (Entry 1). Next we then used NaH in DMSO at room temperature. This experiment gave the desired product dimethyl 2,3-dihydrobenzo [b] oxepine-2,4-dicarboxylate (5a) in very low yield (8%) along with the rearranged product methyl 2-acetoxymethyl-3-[2-(carbomethoxymeth- (1) yloxy)phenyl]propenoate (6a) (26%) (Entry 2). Sodium hydride-THF system was also unsuccessful at reflux temperature, only starting acetate 4a was recovered. Accordingly, we then tried a weaker base and selected Cs 2 CO 3 in THF. Compound 4a did not react at room temperature, but at reflux temperature the reaction occurred to give the expected product 5a in 50% yield (Entry 5). We also explored K 2 CO 3 -THF and Cs 2 CO 3 -CH 3 CN systems at reflux temperature. No reaction occurred in K 2 CO 3 -THF system (Entry 6) and the only rearranged product 6a was obtained in 34% yield in Cs 2 CO 3 -CH 3 CN system (Entry 7). Next we examined Cs 2 CO 3 in aprotic polar solvents such as DMF, DMAc, and DMSO at 67-70 °C (Entries 8-10). In these reactions, 5a was not produced. Instead an unexpected benzofuran 9a was isolated in 31%, 10%, and 8% yields, respectively. As shown in Table 1 , the yields are generally low, Cs 2 CO 3 in THF and Cs2CO3 in DMF turned out to be preferred conditions giving 2,3-dihydrobenzo [b] oxepine 5a and benzo [b] furan 9a, respectively. With this result in hand, the reactions of other MBH acetates 4b-g were carried out with Cs 2 CO 3 in THF and Cs 2 CO 3 in DMF, and the results are summarized in Table 2 . The MBH acetates bearing electron-donating or electron-withdrawing groups are proceeded equally well and gave only the dihydrobenzo [b] oxepines 5b-f in 20-58% yields under the Cs 2 CO 3 -THF system (Table 2 , entries 1-6). The MBH acetate 4d derived from 3-ethoxy-substituted salicylaldehyde 1d required a longer reaction time (96 h) and gave a lower yield (20%) of the product than those with 5-methoxy-substituted one 4c (54%) ( Table 2, entries 3 and  4) . Interestingly, the 3,5-dichloro-substituted MBH acetate 4g gave only the benzo [b] furan 9g in very low yield (21%) under the same reaction condition (Entry 7). It seems that the substituent group of 3-position plays an important role in governing the reactivity of the substrates by the stereoelectronic factors. When we applied Cs 2 CO 3 in DMF to MBH acetates 4b-g, benzofurans 9b-g were obtained in relatively poor yields (11-25%) along with a considerable amount of the decomposed materials. No dihydrobenzo [b] oxepines 5b-g were produced. The formation of 5 could be explained by an S N 2' reaction in a 7-endo-trig mode. The formation of 9 could be regarded as an S N 2 reaction in a 5-exo-tet mode to form 7 followed by aromatization through sequential proton migration. 23 The different ring closure mode in THF and DMF solvents is uncertain.
We also examined the rearranged MBH allyl acetate 6a as a substrate, which was readily prepared from the MBH acetate 4a with DABCO in refluxing THF, 24 by the present protocol. On cyclization of 6a with Cs 2 CO 3 in THF at reflux temperature for 48 hours, and with Cs 2 CO 3 in DMF at 67-70°C for 3 hours, the only benzofuran 9a was produced in poor yields (12% and 6%), respectively, presumably via 5-exotrig mode. Most of the starting material 6a was decomposed (Scheme 1). In order to increase the yield, we also investigated the reaction of MBH allyl bromide 10, which was readily obtained from the MBH adduct 3a with N-bromosuccinimide/dimethyl sulfide (NBS/DMS).
25 On cyclization of 10 with Cs 2 CO 3 in THF at reflux temperature for 29 hours, 5a was produced in 23% yield. Under the influence of Cs 2 CO 3 in DMF at 67-70°C for 3 hours, the starting material was decomposed completely (Scheme 2). The use of some other basic conditions such as NaH/DMF, NaH/ DMSO, t-BuOK/THF, LDA/THF, and DBU/CH 3 CN were also ineffective.
With the intent to introduce more diversity in the products employing this strategy, we carried out the MBH reaction of methyl (1-formyl-2-naphthalenyloxy)acetate (11a) 26 and methyl (2-formyl-1-naphthalenyloxy)acetate (11b) with methyl acrylate. Unfortunately the MBH adducts 12a and 12b were not produced under typical reaction conditions such as DABCO, DMAP or DBU in THF, DMF, and MeOH solvent systems. We also attempted to make the MBH alcohols via selenium-based route.
21 Thus, methyl 2-phenylselanylpropanoate (13) 27 was deprotonated with LDA in THF, and a THF solution of the aldehyde 11a or 11b was added to the resulting carbanion. However, the alcohols 14a or 14b were not produced at all (Scheme 3). Finally, we examined the MBH reaction of thiosalicylaldehyde derivative, methyl (2-formylthiophenoxy)acetate (16) under typical condition, which was readily obtainable from PCC oxidation of methyl (2-hydroxymethylthiophenoxy)acetate (15) . 28 But, the MBH reaction did not occur, instead an intramolecular condensation proceeded slowly under the reaction conditions to give the methyl benzo [b] thiophene-2-carboxylate (17) 29 in 87% yield (Scheme 4).
Conclusion
A new method for the synthesis of dimethyl 2,3-dihydrobenzo [b] oxepine-2,4-dicarboxylates and methyl 2-(2-carbomethoxybenzo [b] furan-3-yl)propanoates by an intramolecular conjugate displacement reaction of acetates of MoritaBaylis-Hillman adducts of methyl (2-formylphenoxy)-acetates has been developed. The synthetic yields are generally low, dihydrobenzo [b] oxepines were produced in Cs 2 CO 3 -THF system and benzo [b] furans were given in Cs 2 CO 3 -DMF system, respectively.
Experimental Section
Silica gel 60 (70-230 mesh ASTM) used for column chromatography was supplied by E. Merck. Analytical TLC was carried out on Merck silica gel 60 F 254 TLC plates. Melting points were taken using an Electrothermal melting point apparatus and are uncorrected. Elemental analyses were obtained using a Thermo Electron Corporation Flash EA 1112 instrument. Low resolution mass spectra were recorded on a ThermoQuest Polaris Q mass spectrometer operating at 70 eV. IR spectra were recorded on a Nicolet Magna 550 FTIR spectrometer. 26 and methyl (2-hydroxymethylthiophenoxy)acetate (15) 28 were prepared according to the literature procedures. Petroleum ether (PE) used refers to the fraction boiling in the range 30-60 °C.
Methyl (2-Formylphenoxy)acetates 2; General Procedure. A mixture of salicylaldehyde 1 (20 mmol), methyl chloroacetate (2.39 g, 22 mmol), and K 2 CO 3 (4.14 g, 30 mmol) in anhydrous DMF (20 mL) was stirred at rt for 2-11 h. The reaction mixture was diluted with H 2 O (30 mL) and extracted with Et 2 O (3 × 40 mL). The combined organic layers were dried (MgSO 4 ) and the solvent was evaporated under reduced pressure. The resulting mixture was chromatographed on silica gel eluting with hexane-EtOAc (5:1) to produce 2 as a solid. The physical and spectral data of 2 prepared by this general method are listed as follows.
Methyl ( Morita-Baylis-Hillman Adducts 3; General Procedure. A mixture of 2 (10 mmol), methyl acrylate (2.70 mL, 30 mmol), DABCO (1.12 g, 10 mmol), and triethanolamine (1.19 g, 8 mmol) was stirred at rt for 6 h to 12 d. The reaction mixture was diluted with H 2 O (20 mL) and extracted with CH 2 Cl 2 (3 × 30 mL). The combined organic layers were dried (MgSO 4 ) and the solvent was evaporated under reduced pressure. The resulting mixture was chromatographed on silica gel eluting with hexane-EtOAc (2:1) to produce 3. The physical and spectral data of 3 prepared by this general method are listed as follows. Methyl 2-[(2-Carbomethoxybenzo[b]furan)-3-yl]propanoates 9; General Procedure. A mixture of MBH acetate 4 (1 mmol) and Cs 2 CO 3 (0.72 g, 2.2 mmol) in DMF (5 mL) was stirred at 67-70 °C for 1-48 h. After cooling to rt, the mixture was diluted with H 2 O (10 mL) and extracted with Et 2 O (3 × 20 mL). The combined organic layers were dried (MgSO 4 ) and solvent was evaporated under reduced pressure. The resulting mixture was chromatographed on silica gel eluting with hexane-EtOAc (4:1) to give 9 as a solid. The physical and spectral data of 9 prepared by this general method are listed as follows.
Methyl 32 (m, 1H, aromatic) , 7.43-7.49 (m, 1H, aromatic), 7.57 (dd, J = 7.6 and 0.9 Hz, 1H, aromatic), 7.69 (dd, J = 7.9 and 0.9 Hz, 1H, aromatic); Method B: A mixture of MBH acetate 4g (0.39 g, 1 mmol) and Cs 2 CO 3 (0.72 g, 2.2 mmol) in DMF (5 mL) was stirred at 67-70 °C for 3 h. After cooling to rt, the mixture was diluted with H 2 O (10 mL) and extracted with Et 2 O (3 × 20 mL). The combined organic layers were dried (MgSO4) and solvent was evaporated under reduced pressure. The resulting mixture was chromatographed on silica gel eluting with hexane-EtOAc (4:1) to give 9g (79 mg, 24%) as a solid. The physical and spectral data of 9g was the same as described above.
(E)-Methyl 2-Acetoxymethyl-3-[2-(carbomethoxymethyloxy)phenyl]propenoate (6a): A mixture of 4a (0.32 g, 1 mmol) and DABCO (0.12 g, 1.1 mmol) in THF (5 mL) was stirred at reflux temperature for 24 h. The mixture was diluted with H 2 O (10 mL) and extracted with CH 2 Cl 2 (3 × 20 mL). The combined organic layers were dried (MgSO 4 ) and solvent was evaporated under reduced pressure. The resulting mixture was chromatographed on silica gel eluting with hexane-EtOAc (3:1) to give 6a (0.20 g, 63%) as a yellow oil; Synthesis of Benzo [b] furan 9a from 6a. Method A: A mixture of 6a (0.32 g, 1 mmol) and Cs 2 CO 3 (0.72 g, 2.2 mmol) in THF (5 mL) was stirred at reflux temperature for 48 h. After cooling to rt, the precipitate was filtered, and washed with THF (20 mL). The organic phases were concentrated under reduced pressure. The resulting mixture was chromatographed on silica gel eluting with hexane-EtOAc (4:1) to give 9a (31 mg, 12%) as a solid. The physical and spectral data of 9a was the same as described in the preparation of 9a from MBH acetate 4a.
Method B: A mixture of 6a (0.32 g, 1 mmol) and Cs 2 CO 3 (0.72 g, 2.2 mmol) in DMF (5 mL) was stirred at 67-70 °C for 3 h. After cooling to rt, the mixture was diluted with H 2 O (10 mL) and extracted with Et 2 O (3 × 20 mL). The combined organic layers were dried (MgSO 4 ) and solvent was evaporated under reduced pressure. The resulting mixture was chromatographed on silica gel eluting with hexaneEtOAc (4:1) to give 9a (16 mg, 6%) as a solid. The physical and spectral data of 9a was the same as described in the preparation of 9a from MBH acetate 4a.
(Z)-Methyl 2-Bromomethyl-3-[2-(carbomethoxymethyloxy)phenyl]propenoate (10): A mixture of NBS (0.98 g, 5.5 mmol) and DMS (0.56 mL, 7.5 mmol) in CH 2 Cl 2 (10 mL) was added MBH adduct 3a (1.40 g, 5 mmol) at 0 °C. After stirring for 1 h at rt, the reaction mixture was diluted with H 2 O (20 mL) and extracted with CH 2 Cl 2 (3 × 30 mL). The combined organic layers were dried (MgSO 4 ) and solvent was evaporated under reduced pressure. The resulting mixture was chromatographed on silica gel eluting with hexane-EtOAc (3:1) to afford 10 (1.31 g, 76%) as a white solid, which was recrystallized from Synthesis of Dihydrobenzo [b] oxepine 5a from 10: A mixture of MBH allyl bromide 10 (0.34 g, 1 mmol) and Cs 2 CO 3 (0.72 g, 2.2 mmol) in THF (5 mL) was stirred at reflux temperature for 29 h. After cooling to rt, the precipitate was filtered, and washed with THF (20 mL). The organic phases were concentrated under reduced pressure. The resulting mixture was chromatographed on silica gel eluting with hexane-EtOAc (4:1) to give 5a (60 mg, 23%) as a solid. The physical and spectral data of 5a was the same as described in the preparation of 5a from MBH acetate 4a.
Methyl (2-Formylthiophenoxy)acetate (16) : To a suspension of PCC (1.62 g, 7.5 mmol) and celite (2.00 g) in CH 2 Cl 2 (20 mL) was added dropwise a solution of alcohol 15 (1.06 g, 5 mmol) in CH 2 Cl 2 (10 mL) at rt After stirring for 2 h, the precipitate was filtered, and washed with THF (20 mL). The organic phases were concentrated under reduced pressure. The resulting mixture was chromatographed on silica gel eluting with hexane-EtOAc Methyl Benzo [b] thiophene-2-carboxylate (17): A mixture of 16 (0.63 g, 3 mmol), methyl acrylate (0.81 mL, 9 mmol), DABCO (0.34 g, 3 mmol), and triethanolamine (0.36 g, 2.4 mmol) was stirred at rt for 6 d. The reaction mixture was diluted with H 2 O (10 mL) and extracted with CH 2 Cl 2 (3 × 20 mL). The combined organic layers were dried (MgSO 4 ) and the solvent was evaporated under reduced pressure. The resulting mixture was chromatographed on silica gel eluting with hexane-EtOAc (3:1) to produce 17 (0.50 g, 87%) as a white solid, which was recrystallized from 
